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Abstract 
This study first focuses on the quantitative evaluation of current indirect regulation on industrial machines and devices in Korea. 
Statistical analysis of industrial accidents reveals the fact that more efforts must be directed towards securing the essential safety 
of industrial machines and devices at manufacturing stage hence guaranteeing the effectiveness of the regulation. In order for the 
regulation to be further effective balanced direct regulation on both manufacturers and users of industrial machines and devices 
needs to be implemented. An example of such transition is also shown 
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1.  Introduction 
Statistical analysis of industrial accidents in 2009 revealed that 75.69% of industrial accidents associated with 
industrial machines and devices and involved either injuries or deaths or both in Korea were caused by 
malfunctioning or defects of such machines and devices or protective devices attached to them[1]. Safety 
certification is to prevent such malfunctions or defects and plays a key role in reducing the industrial accidents. 
Nevertheless, most of the safety regulation on industrial machines and devices in workplaces are indirect in that 




* Corresponding author. Tel/Fax: 82-2-760-4322/82-2-760-4329. 
E-mail address:gihchoi@hansung.ac.kr 
 14 The uthors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by- c-nd/3.0/).
Peer-review under responsibility of scientific committee of Beijing Institute of Technology
123 Gi Heung Choi /  Procedia Engineering  84 ( 2014 )  122 – 125 
This study first discusses the quantitative evaluation of the effectiveness of current indirect safety regulation on 
industrial machines and devices in Korea. Based on the results of quantitative analysis, transition from indirect 
safety regulation on users to a balanced direct safety regulation on both manufacturers and users are suggested. An 
examples of such transition is also given.  
2. Effectiveness of indirect regulation on users 
Statistical analysis confirms the effectiveness of current safety certification through reduction in both frequency 
and severity of industrial accidents, [2]. Based on the results of such analysis, improvement had been made in 2013 
to include more items for safety certification. There are, however, more industrial machines and devices that are not 
subject to safety certification, which require more active management of them. Part of these items are subject to 
installation of safety/protective devices on them. 
In 2009, 73 items out of all 121 items (industrial machines and devices as defined by KOSHA) were subject to 
installation of safety/protective devices on them by users. These items (“protective device items”) comprises 60.3% 
of all items. The rest 47 items (39.7%, “non-protective device items”) were free from such installations. Among 
28,441 cases of industrial accidents associated with industrial machines and devices in 2009, 15,298 cases (53.8%) 
were associated with protective device items, whereas the rest 13,143 cases (46.2%) were associated with non-
protective device items. The ratio of the relative share of industrial accidents to the relative share of items for 
protective device items was 53.8/60.3=0.89, whereas the ratio for non-protective device items was 46.2/39.7=1.16. 
Improvement is seen in these numbers since the ratios were more balanced as 60.5/60.3=1.01 for protective device 
items and 39.5/39.7=0.99 for non-protective device items in 2008. Effectiveness of safety/protective devices used as 
installed on industrial machines and devices by users, however, appear to be limited in preventing industrial 
accidents.  
3. Balanced direct regulations on both manufacturers and users for the effectiveness 
In most cases, users (owners in most cases) of many dangerous industrial machines and devices in workplaces are 
responsible for the safety of workers using these machines and devices in Korea. Users may typically be regulated to 
ask manufacturers to install safety/protective devices on industrial machines and devices for the safety of workers at 
the time of purchase or to install safety/protective devices by themselves. This is simple and indirect way of 





Fig.1. Indirect regulations applied on users at the stage of danger consumption. 
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The relative share of small-sized enterprises with or less than 5 employees is over 90% of all enterprises in Korea. 
Their understanding about the industrial safety is at the minimum level and they are vulnerable to compliance of 
applicable laws and regulations. Despite the limited effectiveness of indirect safety regulation on users, it is not easy 
to improve the overall effectiveness above the expected level for these reasons. Complete prevention of industrial 
accidents is, therefore, not feasible with such an indirect regulation on users.  
In order for the safe machines and devises to be manufactured and used in a safe fashion, independent safety-
securing direct regulations need to be implemented at each stage where danger is generated and consumed. Fig. 2 
indicates the mechanism where independent regulations such as safety certification and safety inspection with 
proper level of intensity are independently enforced to manufacturers and users, respectively. This is to secure both 
manufacturing of safe industrial machines and devices and their safe uses. It is also important to maintain balance 
between regulations on manufacturers and users. Level of intensity of either safety certification or safety inspection 




Fig.2. Balanced direct regulations applied on both manufacturers and users at the stages of danger generation and consumption, respectively. 
4. Example of transition from indirect regulation to  direct regulation 
Prevention of industrial accidents associated with industrial machines and devices can be achieved by using safe 
machines and devices. Safe machines and devices are the ones with proper safety/protective devices or functions 
attached but without defects and malfunctioning of them. In 2009, 75.69% of 28,441 industrial accidents associated 
with industrial machines and devices were due to malfunctioning or defects of machines and devices themselves or 
safety/protective devices attached to them [2]. Statistical analysis also showed that 59.66% (16,968 cases) among them 
were preventable.  
One way to prevent industrial accident associated with industrial machines and devices is safety certification of 
movable machines and devices. All the industrial machines and devices can be classified as the fixed ones or the 
movable ones. Fixed items are defined as industrial machines and devices that are used as fixed on specific locations. 
Movable items can move to any location where installation or usage of them takes place. Table 1 shows the recent 
trend in relative portion of the number of deaths associated with each industrial machine in Germany when total 
number of deaths is set to 100%. According to the table, movable machines such as crane, lift, pressure vessel, hand-
held tools, fork-lift and ladder may be classified as dangerous machines. 
Such analytical results indicate that more strong measure on safety of movable machines and devices needs to be 
taken at the manufacturing stage by safety certification which is direct regulation. Further expansion of the list of 
safety certification and self-declaration of conformity (SDC) to include more movable items would be one of them. 
Among three items newly added to the list of safety certification in 2013, two items were movable ones. Only three 
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items are movable among eleven items newly subject to self-declaration of conformity. Five out of fourteen items 
account for only 35.7% of all items newly added to the list of either safety certification or SDC in 2013. This 
suggests that more movable items are to be subject to safety certification or SDC in the future. Enforcement of 
more stringent safety certification standards would be another measure to take. When long term deterioration of 
movable machines and devices is anticipated, direct regulation on users by safety inspection would be enforced. 
 
Table 1. Number of deaths associated with industrial machines and devices in Germany. 
Year 
Machines 97 98 99 00 01 02 03 04 05 06 07 
Fork Lift* 7.9 8.0 7.8 6.5 9.2 6.1 9.9 6.5 6.3 4.8 6.4 
Ladder* 5.0 5.6 3.1 3.3 3.9 3.8 4.4 4.8 5.7 4.2 1.3 
Hand-held devices* 3.6 3.2 5.1 4.7 4.8 6.1 5.0 4.8 3.2 4.8 6.0 
Crane* 12.9 13.2 13.7 9.8 11.6 12.2 13.8 11.9 12.0 12.0 10.1 
Press 1.4 0.0 1.6 1.4 2.4 2.3 1.1 1.2 0.6 0.6 0.0 
Welding/ Cutting 
Machine  1.4 2.4 2.4 1.4 1.4 4.2 0.6 1.8 0.0 3.0 1.3 
Metal- 
working Machine 1.8 1.6 2.7 2.3 2.4 2.8 5.5 4.2 1.9 3.0 2.7 
Total (%) 100 100 100 100 100 100 100 100 100 100 100 
     (Number) 280 250 255 215 207 213 181 166 158 167 149 
Note that “*” implies movable machines and the rest in shaded area are fixed ones. 
5. Conclusions 
In order to reduce both the frequency and the strength of industrial accidents associated with industrial machines 
and devices technical causes of industrial accidents needs to be resolved. Quantitative evaluation of indirect 
regulation on industrial machines and devices, however, suggest that indirect safety regulation on users alone is not 
enough to assure the safety of workers using these machines and devices. Efforts must be directed towards securing 
the essential safety of industrial machines and devices at manufacturing stage, hence guaranteeing the effectiveness 
of the regulation. Safety regulation would be further effective as balanced direct regulation on both manufacturers 
and users of industrial machines and devices is implemented. An example confirms the validity of such transition.  
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